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Abstract 
 
The majority of urban rivers and watercourses routinely receive pollution inputs from a 
wide variety of sources such as separately sewered stormwater and combined surface water 
outfalls (CSOs). Although the physico-chemical characteristics of urban runoff have been 
widely reported, the ecotoxicological impacts of these discharges are less certain. Implemen-
tation of the EU Water Framework Directive, with its over-arching aim of protecting, restor-
ing and enhancing the ecological status of aquatic ecosystems and its specific reference to the 
need to control diffuse pollution, has refocused attention on the impact of non-point source 
discharges on receiving water bodies. However, the implementation of this Directive has also 
raised several key and complex questions such as how should the ecological status of various 
water body types be determined. Should the proposed all-encompassing Environmental Qual-
ity Standards (EQS) be developed in relation to water, sediment or biotic components? And, 
once determined, how should compliance with EQS be assessed? 
 
In order to contribute to the current and considerable debate surrounding these issues, the 
ecotoxicity of urban water and sediments was investigated in relation to concentrations of se-
lected heavy metals in these environments. The Microtox test was used to evaluate the eco-
toxicity of urban stream water, sediment porewater and water samples produced by resus-
pending urban sediments to simulate the impact of storm event conditions. Total 
concentrations of Zn, Cu and Cd were then determined in these same water fractions, as well 
as in whole sediment samples. The results of this monitoring programme provide an insight 
into the metal pathways in urban rivers during different conditions and are interpreted in 
terms of the usefulness of this approach in contributing to the evaluation of the overall eco-
logical status of urban water bodies.  
Introduction 
The EU Water Framework Directive (WFD) requires Member States to take a holistic ap-
proach to the management of aquatic ecosystems (EU 2000). This marks a clear shift from 
current approaches to water quality management, which primarily focus on comparison with 
physico-chemical water quality standards, to one which integrates and addresses biological, 
hydromorphological, physical and chemical aspects of the surface water, biota and sediment 
compartments of aquatic ecosystems. As these components are temporally and spatially inter-
linked, the development of a detailed understanding of the behaviour and fate of pollutants 
within and between these compartments is fundamental in enabling the development of a sus-
tainable and integrated management approach.  
 
An inter-compartment relationship receiving particular attention is the sediment-water in-
terface as these sediments have the greatest susceptibility to re-suspension events, as well 
providing the substrate and/or food source for many benthic micro- and macro-organisms 
(Lepper, 2004). This issue is of particular concern within the urban aquatic environment, 
where urban sediments are widely reported to act as a pollutant sink for a diversity of organic 
and inorganic pollutants (Ellis et al., 1997; Crabill et al., 1999; Wilson et al., 2005). The eco-
toxic effects of urban and highway runoff have been widely reported (see review by Baun et 
al., 2005). However, although well studied in relation to their physical and chemical charac-
teristics, comparatively little is understood of the ecotoxicological impacts of urban sedi-
ments, either in situ or within in the water column following a resuspension event (e.g. see 
Farm, 2003, Marsalek et al., 2002, Richardson et al., 1998 for some examples). The devel-
opment of ‘TRIAD’ or combined approaches which integrate information on physico-
chemistry, ecotoxicity and ecology of a particular site is seen as a way forward (Hollert et al., 
2002, Smoulders et al., 2004). However, current levels of knowledge are insufficient for the 
development of strategic water quality management strategies which can integrate biological, 
chemical and physical aspects across different compartments of aquatic ecosystems. This 
study aims to contribute to this identified research need through an investigation of the eco-
toxicity of urban stream water, sediment, porewater and samples in which sediments have 
been resuspended, in relation to concentrations of Cd, Cu and Zn in the same sample frac-
tions.  
Methodology 
Site description and sampling programme: samples were collected at six separate locations 
along a 3 mile stretch (??) of the Pymme’s Brook, a small urban watercourse in North Lon-
don (UK) which receives substantial surface water flows from the surrounding urbanised 
catchment area as well as discharges from both combined and partially separated sewers. At 
each sampling site, duplicate water and surface sediment samples were collected together 
with the in situ measurement of dissolved oxygen, temperature and pH. Samples were col-
lected on 4 separate occasions; twice during dry weather conditions and twice during wet 
weather conditions. Following collection, samples were transported to the laboratory and 
stored at 4oC prior to analysis by Microtox within 72 hours and for metals as soon as possible 
thereafter. 
 
Preparation of samples prior to analysis: loosely associated surface water was allowed to 
drain from each homogenised sediment sample by placing sediments in tilted evaporation 
dishes. Sediments were wet sieved to a <4mm fraction, with this size fraction being used in 
all subsequent experiments. Resuspension samples were prepared by placing 50g of sieved 
wet sediment sample in a volumetric flask with 250ml of double-deionised water, and oscil-
lated at 3000 rpm for 14 hours to simulate the impact of a storm event. Following the resus-
pension process, the aqueous fraction of the sample was collected and centrifuged at 7000 
rpm for 10 minutes with the resulting supernatant designated the resuspension sample. 
Porewater was extracted from sediment by vacuum filtering a known mass of sieved sedi-
ment through a Whatman 42 filter paper.  
 
Microtox analysis: ecotoxic effects of surface water, resuspension and porewater samples 
were evaluated in duplicate using the Whole Effluent Test as described in the AZUR user 
manual (AZUR Environmental, 1998), with the use of phenol as a standard reference materi-
al. The Solid-Phase Test was used as described in the AZUR user manual to determine the 
ecotoxicity of sediment samples tested in duplicate samples (AZUR Environmental, 1998). 
 
Metals analysis: replicate water, resuspension, porewater and sediment samples were acidi-
fied with nitric acid, taken to dryness and then redissolved in 1% nitric acid. Concentrations 
of Zn and Cu were determined in each sample fraction using ICP-AES, with Cd being relia-
bly determined in sediment samples only using the same technique.  
Results and discussion 
Results of ecotoxicity analysis 
Figure 1 gives an overview of the ecotoxicity determined in surface water, porewater and re-
suspension samples (data is presented as EC20 values as it was only possible to calculate EC50 
values for a limited number of samples). Of the 24 samples collected, 12 samples were col-
lected during dry weather conditions (dw) and 12 samples during storm event conditions (se). 
In surface water samples, an EC20 value could only be determined in 1 of 12 samples collect-
ed during dry weather as opposed to being determined in 9 of the 12 samples collected during 
storm event conditions, indicating that wet weather flows have a greater toxic impact, as de-
termined using Microtox. Serial sample collection through the profile of a storm event by 
Marsalek et al. (1999) reported that ecotoxicity as determined using various tests (including 
Microtox) displayed the ‘first flush phenomenon’ typically reported during the physico-
chemical monitoring of storm events. Although the timing of sample collection in the current 
study in relation to storm event profiles is unknown (sampling consisted of the collection of 
grab samples), results support the conclusion that storm events are associated with a greater 
ecotoxic, as well as physico-chemical, loading. Ecotoxic impacts were regularly detected in 
porewater and resuspension samples during both dry weather and wet weather conditions 
(Figure 1). This is thought to be associated with the fact that urban sediments are known to 
act as a long-term reservoir for pollutants, as opposed to surface waters which characteristi-
cally show greater temporal variation, with elevated pore-water concentrations developing as 
porewater-sediment metal partitioning processes reach equilibrium.  
 
It is difficult to make direct meaningful comparisons with other ecotoxicity studies of ur-
ban runoff as data tends to be reported in a variety formats (e.g. EC10, EC20, EC50), in relation 
to a variety of end-points (e.g. growth, reproduction, mortality) as well both the physico-
chemical characteristics of the storm event and timing of sample collection in relation to 
storm event profile being unclear. However, the current study is consistent with stormwater 
runoff studies which report a wide range of ecotoxic responses ranging from no effect to sub-
stantial inhibition (e.g. Brent and Herricks, 1999, Baun et al., 2006, Schiff et al., 2002). In the 
current study, EC20 values range from a maximum toxicity of 13% (recorded in a resuspen-
sion sample) to having no discernable toxic impact (see Figure 1). 
 
Analysis of the logged data (base 10) using ANOVA did not indicate a significant differ-
ence between the levels of ecotoxicity and sampling site (data not presented) or between sur-
face water, porewater or resuspension sample fractions (see Figure 1). The use of 2-sample t-
tests indicated that the ecotoxicity of resuspension samples was significantly lower during 
wet weather conditions in comparison to dry weather conditions (p=0.011). This could indi-
cate that the higher storm flows observed during sampling are flushing pollutants through the 
sediment or, alternatively, are transporting and depositing cleaner sediments leading to the es-
tablishment of comparatively less toxic porewaters.  
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Figure 1. EC20 values determined in surface water, porewater and resuspension samples: dry 
weather (dw) vs. storm events samples (se) (%) 
 
Ecotoxicity of sediment samples: only sediment samples collected during sampling trips 3 
and 4 (wet weather conditions) were evaluated for their ecotoxicological impact using the 
Microtox solid-phase test (SPT). This test involves bacteria coming into direct contact with 
sediment particles and associated pollutants, and is therefore of particular interest in the urban 
setting where the majority of pollutants are sediment-associated (Lee et al, 1997?). In terms 
of frequency of detection, Microtox solid-phase test gave the highest result with a response 
detected in 100% of cases. In contrast, a response was detected in 75%, 67% and 50% of sur-
face water, porewater and resuspension samples, respectively. Various authors have reported 
SPT as being more sensitive than tests on, for example, sediment elutriates (Loureiro et al., 
2005) and sediment porewaters (Doherty et al., 2001). However, because it was not possible 
to source a suitable reference sediment material within the time frame of the sampling pro-
gramme, data collected within the current study can not be directly used to support this find-
ing. Although not possible to quantitatively evaluate the impact of urban pollution on sedi-
ment toxicity, it is, however, possible to evaluate sediment ecotoxicity semi-quantitatively by 
comparing SPT values determined with those reported in the literature (see Table 1).  
 
Table 1. EC50 values for sediments (mg/l) determined using SPT 
 
 Mean ± 
SD 
Range No. of samples 
Current study 254 ± 186 66 – 591 12 
Harbour sediment 563±225 370 - 810 3 
Reference sedi-
ment 
1150±71 1100-1200 2 
Results of metals analysis 
Cu and Zn were detected in surface water, porewater, resuspension and sediment samples 
but, due to the working limit of detection limit for Cd (>0.6µg/l)), it was possible to reliably 
determine Cd concentrations in sediment samples only. Aqueous Cu and Zn concentrations 
tend to decrease in the order porewater> resuspension> surface water (see Table 1). The use 
of ANOVA on logged data (base 10) indicates that the concentrations of both metals are sig-
nificantly greater in porewater samples than those determined in resuspension or surface wa-
ter samples (p=0.000 in both cases) but that differences between resuspension and surface 
water samples were not. Although not significantly different, it is interesting to note that the 
median concentrations of Cu and, in particular, Zn were greater in resuspension samples sup-
porting the proposal that resuspending sediments may result in the release of previously 
bound pollutants (Amoros et al., 2001). 
 
Table 2. Median, maximum and minimum concentrations of metals in surface water, resus-
pension and porewater samples (µg/l) and sediment (g/g) 
 Median* Minimum Maximum 
Cu water 5.75 <2.2** 18.90 
Cu resuspension 9.55 <2.2** 70.90 
Cu porewater 29.55 <2.2** 117.90 
Cu sediment    
Zn water 26.00 5.60 97.00 
Zn resuspension 43.90 13.80 189.50 
Zn porewater 125.00 24.3 1529.60 
Zn sediment    
Cd sediment    
Key:  * = median used as data not normally distributed 
** = working limit of detection (3 x SD of sample blank) 
 
Use of ANOVA on logged data did not indicate that aqueous concentrations of Cu or Zn in 
any of the fractions significantly varied according to sampling site (data not presented). Con-
centrations of Zn in the surface water samples were found to be significantly higher in the 
storm event samples than during dry weather (T-test, p=0.010). However, Cu concentrations 
did not show this trend. This difference in behaviour of Cu and Zn is thought to be associated 
with the fact that under both dry and wet weather conditions, Cu concentrations did not ex-
ceed 20µg/l suggesting that the collection of grab samples only may have missed the elevated 
concentrations generally associated with storm events, as well as underlining the complex na-
ture and differential behaviour of pollutants within urban surface waters.  
 
In relation to sediment metal concentrations, there was no significant difference between 
concentrations determined during dry weather and wet weather. However, Zn and Cu sedi-
ment concentrations were found to vary significantly according to site (p = 0.005 and p = 
0.001, respectively) with sites 3 and 5 reporting significantly higher Zn concentrations than 
site 1, and sites 3-6 significantly higher Cu concentrations than site 1, thought to reflect the 
fact that site 1 is located upstream of the more heavily urbanised downstream sites. However, 
Cd sediment concentrations did not vary in relation to sampling site. A possible factor in this 
could be that the Cd sediment data was smaller due to the fact that it was not possible to de-
termine Cd in sediment on the 3rd trip when sampling took place during a prolonged storm 
event – possible that Cd flushed through the system or problem with analysis (-ve values on 
ICP~ too close to LOD??). 
Investigation of associations between ecotoxicity and metals  
To investigate if there were any associations between metal concentrations and ecotoxicity 
data reported, logged data was examined using correlation procedures. Analysis of the data 
demonstrated a very strong negative correlation between the concentration Cd in sediment 
and its ecotoxic impact (r = -0.940, p = 0.005) and a strong negative correlation between Cd 
in sediment and the ecotoxicity of surface water (r = -0.868, p = 0.025) (see Figure 2). The 
data also indicated a moderate degree of negative correlation between the concentration of Cu 
in sediment and sediment ecotoxicity (r = -0.663, p = 0.019). In contrast, the data indicated a 
moderate positive correlation between Cu sediment concentrations and the ecotoxicity deter-
mined in porewater (see Figure 2). There was no evidence of a significant correlation be-
tween the concentration of Zn in sediment and ecotoxic impacts detected in sediment or sur-
face water, or between Zn and Cu concentrations in aqueous fractions and the ecotoxic 
impacts determined in the same compartment (data not presented).  
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Figure 2 Scatter plots of logged Cd and Cu sediment data vs. logged ecotoxicity data of com-
ponents where a significant correlation was identified.  
 
 
As decreasing EC values indicate increasing toxic effect, the negative correlation reported 
between Cu and Cd in sediments and the ecotoxicity of sediments and surface water (Cd on-
ly) clearly indicate that as Cd and Cu concentrations increase, ecotoxicity also increases. The 
correlation coefficients indicate a particularly strong relationship between Cd in sediments 
and ecotoxicity of both sediment and surface water, as well as between Cu in the sediment 
and its ecotoxic impact. However, correlation demonstrates only an association between data 
sets and not causality. It would be interesting to examine this data further to determine if, and 
if so how much of the ecotoxicity recorded is due to the presence of Cu and, in particular, Cd 
but the size of the data set is currently insufficient to support multiple regression analysis. 
 
The moderate positive correlation between Cu sediment concentrations and the ecotoxicity of 
porewater samples indicates that as Cu sediment concentrations increase, the ecotoxicity of 
porewaters decrease. Whilst not inferring causality, this difference in the relationship be-
tween metal concentrations and the ecotoxicity of associated compartments is interesting to 
note as it may shed light on the behaviour of Cu within sediments. The fact that sediment 
ecotoxicity increases as Cu sediment concentrations increase but that ecotoxicity of sediment 
porewater shows an opposite trend could suggest that as the total sediment load of Cu in-
creases, the equilibrium between particle-associated Cu and Cu in the porewater alters with, 
for example, initially bound Cu acting as a nucleation site around which further Cu deposited.  
 
Both Cd and Zn are known to predominately associate with the aqueous phase rather than 
particulates (Revitt and Morrison, 198?), and this mobility could be a factor in the strong cor-
relation between Cd sediment concentrations and ecotoxic impacts in both sediment and sur-
face waters. Considering these factors, a negative correlation between Cd sediment concen-
tration and porewater ecotoxicity may also be anticipated. However, although a moderate 
degree of correlation is evident (r=0.-499), it is not significant (p=0.179) due to a single out-
lier. Unlike Cd and Cu, the data does not indicate any relationship between the concentration 
of Zn in the sediment and its ecotoxic impact (r=0.061) emphasizing the fact that, despite 
some similarities in their behaviour, not all metals have the same ecotoxic impact. However, 
its should also be noted that despite the poor correlation observed, it is not possible to say that 
Zn is not associated with any sediment ecotoxic impacts, only that it is not associated with 
sediment ecotoxicity as defined by Microtox.  
Conclusions 
This study describes an investigation of the ecotoxicity of different components of urban 
watercourses (surface water, porewater, samples in which sediments have been resuspended 
and whole sediment) in relation to concentrations of Cu, Zn and Cd. Analysis of aqueous 
samples using EC20 values indicates that surface water has a greater toxic impact during wet 
weather as opposed to dry weather, although the appropriateness of categorising stormwater 
ecotoxicity values using EC20 values, as well as the magnitude of value at which action 
should be taken, has yet to be established. Lack of correlation between ecotoxicity and metal 
concentrations determined within the various aqueous components may have indicated that 
these parameters are not associated. However, the strong correlation observed between Cd 
sediment concentrations and surface water ecotoxicity does indicate an association between 
metals and ecotoxicity (at least for Cd) demonstrating the value of monitoring sediment 
quality in enabling a more compete understanding of ecosystem functioning to be developed 
as well as the potential for sediment quality to impact on associated compartments. The cor-
relation between both sediment Cd and Cu concentrations and its ecotoxicity is also high-
lighted as a key finding. Whilst it is acknowledged that data set is limited and the ecotoxicity 
of urban sediments is likely to a function of many pollutants behaving synergistically (or an-
tagonistically), the strength of the correlation between these metals and ecotoxic effects sug-
gests this to be a promising area for further research.  
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